ABSTRACT. The ground state neutral geometries of some natural tropolones, i.e. stipitatonic acid (AF1), stipitalide (AF2), stipitaldehydic acid (AF3) and methyl stipitate (AF4) have been optimized by using Density Functional Theory (DFT) at B3LYP/6-31G*, B3LYP/6-31G**, B3LYP/6-31+G* and B3LYP/6-31+G** levels of theory. The excited state geometries of AF1-AF4 were optimized by adopting the Time Dependent Density Functional Theory (TDDFT) at the same levels of theory. The frequencies and cation species of AF1-AF4 were also computed at all the above mentioned levels of theory. We shed light on the electro-optical and molecular properties, e.g. energy gaps, highest occupied molecular orbitals, lowest unoccupied molecular orbitals, absorption wavelengths, electronegativity (χ), hardness (η), electrophilicity (ω), softness (S), electrophilicity index (ωi) and the radical scavenging activity (RSA). Hydrogen atom transfer (HAT) and one-electron transfer mechanisms have been discussed to shed light on the RSA. The smallest ionization potential and bond dissociation energy of AF4 are revealing that this compound would have more RSA than those of other counterparts.
INTRODUCTION
Oxidative stress prompted by reactive oxygen and nitrogen species can cause destruction to nucleic acids, cellular proteins and lipid membranes which ultimately are the sources of cancer and coronary heart disease [1] . Diouf et al. studied the influence of tropolone on the wood degradation and they found weak antioxidative and radical scavenging properties. Moreover, they also showed tropolone can be used as novel environmentally benign preservative systems [2] . Kadoma and co-workers studied the kinetic radical scavenging activity (RSA) of tropolone by induction period method and found very weak antioxidant properties [3] . The tropolone derivatives have also been used in cosmetic and/or topical pharmaceutical compositions as antioxidant compounds which can prevent skin and/or hair from oxidative damage and aging [4] .
The number and arrangement of hydroxyl groups are important parameters for radical scavenging capability. Previously, quantum chemical calculations and density functional theory (DFT) were applied to calculate the adiabatic ionization potential (IP), bond dissociation enthalpy (BDE) and other radical scavenging properties of antioxidant systems [5] [6] [7] [8] [9] [10] [11] . The antioxidant activity is associated with the structures of the compounds. Leopoldini and coworkers pointed out that hydrogen bonds are important to stabilize the radicals [12] . However, no calculation about the antioxidant activity of the fungal tropolones stipitatonic acid (AF1), stipitalide (AF2), stipitaldehydic acid (AF3) and methyl stipitate (AF4) has not been reported (Figure 1 ). The X-ray structures of these compounds were recently been determined [13] . In this work, the structural, electronic and molecular properties were investigated at DFT level. Our aim is to shed light on the RSA behavior and their capacity through quantum chemical calculations of molecular descriptors, i.e. BDE and IP. This study would also help the experimentalists to synthesize new antioxidant tropolones.
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AF3 AF4 Figure 1 . The optimized structures of AF1-AF4 with labeling scheme.
COMPUTATIONAL DETAILS
Usually H-atom transfer and one-electron transfer mechanisms are used for the radical scavenging processes of chain-breaking antioxidant (ArOH) [14, 15] . Both the mechanisms are significant for the scavenging activity of reactive species by an ArOH in biological or chemical system which might happen in parallel.
Where Eqs. (1) and (2) represent the H-atom transfer and one-electron transfer mechanisms, respectively. All calculations were performed by using density functional theory (DFT) [16] [17] [18] in Gaussian 09 software [19] . Previously, it has been shown that B3LYP is a good and rational functional [20] [21] [22] [23] [24] [25] . The B3LYP/6-31G*, B3LYP/6-31G**, B3LYP/6-31+G* and B3LYP/6-31+G** levels of theory has been applied to optimize the ground state geometries and to calculate the harmonic vibrational frequencies (for both parent (ArOH) systems and radicals (ArO . and ArOH +. ). Details can be found in reference [26] and supporting information. The absorption was calculated by time dependent DFT at TD-B3LYP/6-31G* levels of theory which has been found reliable and rational approach [27] [28] [29] [30] .
RESULTS AND DISCUSSION

Geometries of the ground and excited states
The experimental crystal structural geometrical parameters and calculated ones at B3LYP/6-31G*, B3LYP/6-31G**, B3LYP/6-31+G* and B3LYP/6-31+G** levels of theory have been tabulated in Tables 1 and S1 . No variations in the bond lengths and bond angles were observed (AF1-AF4) by changing the level of theory which revealed that basis set has no substantial effect on the bond lengths. The experimental bond lengths and bond angles have been reproduced by all the adopted levels of theory see Table 1 . Here the geometrical parameters of AF1-AF4 at B3LYP/6-31+G** level of theory at both the ground and excited states have been compared and discussed. The lengthening/shortening behavior of bond lengths and increase/decrease in the bond angles from the ground to excited states were studied. Figure 2 illustrates the distribution pattern of the frontier molecular orbitals (FMOs), i.e. highest occupied molecular orbitals (HOMOs) and lowest unoccupied molecular orbitals (LUMOs). In AF1-AF3, the HOMOs charge density is distributed on the tropone ring and lone pairs of electron on the oxygen atoms. The LUMOs of the AF1-AF3 are of anti-bonding character with * distributed on entire core of the compounds and lone pairs of the electrons on the oxygen atoms. In AF4, HOMO is distributed on tropone ring and its oxygen atoms while LUMO is localized on ring and oxygen atoms of the keto and methoxy. The intra-molecular charge transfer has been observed from tropone ring to the adjacent moiety. The HOMOs, LUMOs, energy gap, electronegativity (χ), hardness (η), electrophilicity (ω), softness (S) and electrophilicity index (ωi) at the B3LYP/6-31G*, B3LYP/6-31G**, B3LYP/6-31+G* and B3LYP/6-31+G** levels of theory have been presented in Table 2 . The HOMO energy (E HOMO ), LUMO energy (E LUMO ) and HOMO-LUMO energy gap (E gap ) has been used as an indicator of kinetic stability of the molecule. It has been observed that the trend of the HOMOs, LUMOs, energy gap, electronegativity (χ), hardness (η), electrophilicity (ω), softness (S) and electrophilicity index (ωi) at all the level of theories is similar. The trend of the HOMO and LUMO energies is AF4 > AF2 > AF3 > AF1 and energy gaps is AF2 > AF3 > AF4 > AF1. The E HOMO, E LUMO and E gap of AF1-AF4 are lower and smaller than the phenol. The χ, ω, S and ωi are larger for the AF1-AF4 than the phenol. The trend of χ and ω are AF1 > AF3 > AF2 > AF4 while ωi is AF4 > AF3 > AF1 > AF2. The values of the S of all the studied compounds are almost same.
Molecular properties
The RSA of antioxidant compounds is interrelated to the delocalization of HOMOs. The lower HOMO energy value revealed that the compound has weaker electron donating ability, i.e. AF1 has lower electron donor ability compared to AF2-AF3. Additionally, from the distribution pattern of the HOMOs the feasible sites (attacked by free radicals and other reactive agents) in the compounds can be predicted. The measure of resistance to charge transfer is known as chemical hardness. The electronegativity is a measure of the tendency to attract electrons by an atom in a chemical bond. The electrophilicity index (ω) symbolizes the stabilization energy of the compound and determines the affinity for the electrons. The computed molecular properties have been given in Tables 2 which clearly indicates that AF1 is capable of attracting an electron instead of giving them while AF2-AF4 would be proficient as giving electron rather than capturing revealing that these compounds might have higher antioxidant ability than AF1. 
Absorption spectra
The absorption wavelengths, oscillator strengths and transition contribution of tropolone derivatives AF1-AF4 have been computed at TD-B3LYP/6-31G* level of theory and tabulated in Table 3 . Two absorption peaks have been observed for AF1, AF2 and AF4 while three for AF3. The maximum absorption wavelength of AF2 is 18 nm blue shifted while no significant red or blue shift has been observed for AF3 and AF4 as compared to AF1. The contribution of frontier molecular orbitals in the major transitions, i.e. HOMO (H), LUMO (L), HOMO-1 (H-1), HOMO-2 (H-2), LUMO (L), LUMO+1 (L+1) have been discussed here. In AF1, the maximum absorption wavelength is caused by H-2 → L with 56% contribution while in AF2-AF4 aforementioned peak is caused by H-1 → L+1 with 47, 56 and 56% contribution, respectively. The first peak in all the studied tropolone derivatives AF1-AF4 is caused by H → L with 65, 66, 67 and 69% contribution, respectively. The first peak of AF2 is 30 nm blue shifted compared to AF1 while AF3 and AF4 have almost the same absorption wavelength alike AF1. An additional peak has been observed in AF3 at 264 nm from H → L+1 (49%).
Hydrogen atom transfer mechanism
By hydrogen abstraction, radicals were obtained in which the hydrogen atoms have been abstracted from hydroxyl group. Single radical cation for each parent molecule was obtained as AF1, AF2 and AF4, two for each while three for AF3. We have presented the BDE values in Table 4 that describe the hydrogen atom donating ability. The BDE values have been compared with each other. The imperative position for hydrogen atom transfer (HAT) is hydroxyl. It can be seen that the BDE values computed at B3LYP/6-31G*, B3LYP/6-31G**, B3LYP/6-31+G* and B3LYP/6-31+G** levels of theory showed similar tendency, see Tables 4 and S4 . In AF1, the abstraction of hydrogen (H4) would be more favorable to increase the antioxidant properties than the abstraction of H3. In AF2, the abstraction of hydrogen (H5) would be more favorable to increase the antioxidant properties than the abstraction of H6. In AF3, the abstraction of hydrogen (H5) would be more favorable to increase the antioxidant properties than the abstraction of H6 and H4. In AF4, the abstraction of hydrogen (H8) would be more favorable to increase the antioxidant properties than the abstraction of H7. Moreover, small effect has been observed on BDE values by changing the basis set. Here we have discussed and compared the BDE values at B3LYP/6-31+G** level of theory. The smallest BDE has been observed for the AF4 (BDE, 81.37 by abstraction of H8) followed by AF3 (BDE, 84.65 by abstraction of H6) Kcal/mol revealed that these compounds would have more antioxidant ability than those of the other counterparts. Finally, HAT mechanism would be favorable in the AF4 and AF3. 
Single electron transfer mechanism
The scavenging of free radicals may be achieved by donating single electron. The IP is an important physical factor revealing the range of electron transfer. According to the one-electron transfer, an electron is removed from the HOMO of the parent molecules, giving rise to radical cations. The investigated compounds have planer radical cations revealing there would be entire conjugation. The calculated IP values at B3LYP/6-31G* and B3LYP/6-31G** levels of theory are alike. Similarly, the computed values at B3LYP/6-31+G* and B3LYP/6-31+G** levels of theory are comparable. But the tendency in all the four studied compounds (AF1-AF4) is same as AF4 < AF2 < AF3 < AF1 revealing that in AF4 electron transfer mechanism would be more favorable for the scavenging of free radicals compared to other counterparts. Moreover, the smaller IP value of AF4 compared to AF1-AF3 revealed that prior would be better antioxidant material (Table 4) .
CONCLUSION
The charge density of HOMOs is distributed on the tropone ring while LUMOs on entire molecules and lone pair of electrons on the oxygen atoms. The intra-molecular charge transfer has been observed from tropone ring to the adjacent moiety. The AF1 is capable of attracting an electron instead of giving them while AF4 would be proficient to give electron rather than capturing which in turn an indication of their antioxidant ability. The smallest BDE and IP values have been observed for the AF4 illuminating that it would be proficient antioxidant material compared to other counterparts (AF1-AF3).
